108                      THE ELECTRIC FURNACE
In the case of a Girod furnace having one carbon electrode aai one iron electrode, or a number of iron electrodes of the same total cross-section, the loss of power would be 23.4 kw. in the carbon electrode and 4.6 kw. in the iron electrodes, or a total loss of 28,0 kw. If the furnace were operated at 60 volts, there being
one arc in this case, the electrode efficiency would be °~2-34""°
60
^ 95-33 per cent., which is practically identical with the furnace. In comparing the Heroult and the Girod furnace it wffl be noticed that the higher voltage of the Heroult furnace, which is caused by having two arcs in series, tends to give a higher electrode efficiency than in the Girod furnace, which has only one arc in series and therefore a lower voltage. One of the electrodes ia the Girod furnace is of iron, and the higher efficiency of the iron electrode quite makes up for the loss in efficiency due to the lower voltage.
Comparing the dimensions of electrodes used in large electric furnaces with the dimensions indicated by Dr. Hering's table it will be found in general that electrodes are made somewhat stouter than the theory demands. This will cause a greater loss of heat by conduction, but the electrode will last longer and this will no doubt more than offset the greater loss of heat.
ELECTRODE HOLDERS
These are employed for making electrical connection between the electrode and the cable which supplies the electric current They are also used for supporting and manipulating movable electrodes. The holders are made of copper or bronze, which are preferable on account of their good electrical conductivity, or of iroi or steel, which are cheaper and do not melt so easily if over-heated. It is not easy to maintain a thoroughly good electrical contact between the holder and the carbon electrode, because the electrodes and their holders become heated, and the expansion of the metal loosens its hold on the carbon. The relatively poor conductivity of carbon makes a large area of contact desirable, while its small me-
j as heat escapes laterally from the electrodes both within and withoat the furnaces. The part of the electrode within the furnace can be neglected! (being considered as a resistor) but the air-cooled or water-cooled part outside; the furnace will introduce complications. If, however, the electrode is measure! from the holder to the inside of the furnace wall, the formulae can be used witb* out serious error.furnace.   U. S. patent 855,441, see Electrochemical Industry, vol. v, p. 279. 7
l R. Turabull, "Furnace Electrodes Practically Considered." Trans. Am, Electrochem. Soc., vo). xxi (1912), p. 397.o measured the resistivity of molten pig-iron at 1,300° C. (Trans. Electrochem. Soc., vol. viii, p. 289), and finds it to be i6Xio~6 ohms per cubic centimeter (=0.000,063 ohm per inch cube). Electric Smelting and Refining (1897 Ed.). Figs. 157, 158, aqd 165. *
